The usage of mixed N2/O2 gas in the preparation of tin oxide thin films by sputtering was examined in order to clarify the relationship between the resulting crystal structure and the H2 gas sensing properties. The forma tion of single-phase SnO2 and the degree of preferen tial orientation of the (110) plane were improved by in creasing the oxygen concentration in the sputtering gas. A higher gas sensitivity was observed in films hav ing higher degrees of the orientation of the (110) plane, and the maximum sensitivity was increased by about 1.5 times of that for the film prepared in Ar/O2 at mosphere.
Introduction
Sintered bodies and/or thin films of tin oxide have been used for gas sensors as well as the films of well -known transparent conducting medium, because of their outstanding semiconducting nature. The sens ing properties are originated from the considerable change in the electrical conductivity caused by the reaction between the material and gases to be detect ed.
Several models for the sensing mechanisms have already been proposed by some investigators.1)-5) Though some differences can be found in each model, all of them assume the existence of pread sorbed atmospheric gases on the surface of the material. Further, the reactivity of the constituent elements in the material (mostly oxygen) with the specific gas species should be an important factor in the gas sensing mechanisms.
In the preceding papers,6), 7) the sensitivity of SnO2 thin film for H2 gas was examined in terms of the effect of preferential orientations of the specific crys tallographic planes. As the result, it was confirmed that the higher sensitivity was observed for the films having higher degree of the preferential orientation for (110) plane which corresponds to the plane hav ing the maximum surface atomic density in SnO2.7) Since the surface atomic density is considered to the sputtering conditions, such as gas species, gas pressure and applied power, etc. Figure 1 shows X -ray diffraction profiles for the films prepared by sput tering in mixed N2/O2 gas atmosphere. The oxygen concentration in the sputtering gas affected both the resulted crystalline species and the degrees of preferential orientation of specific crystallographic plane. For the film prepared under oxygen-free at mosphere, only three peaks were observed in the profile and were assigned to the diffractions from (101) plane of metallic tin and from (101) and (112) planes of tin mono-oxide, respectively. In spite of the usage of SnO2 powder as the target, the reductive na ture of nitrogen seems to enhance the formation of the above species during the deposition. The present observation should be compared with the preceding result7) in which the film prepared in Ar atmosphere consisted of SnO2. It is also noted that the only one peak for metallic tin and two peaks for SnO are ob served in the profile. This suggests the appearance of the preferential orientation in the respective crys tal structure. the preferential orientations for (101) plane began to grow apparently. When the oxygen concentration exceeded 100ppm, the preferentially orientated plane was converted from (101) to (110) plane and the degree of preferential orientation of (110) plane was increased with increasing the oxygen concentra tion up to 10%. Further increase in the oxygen con centration up to 100% affected neither the crystal line species nor the degrees of orientation in the film prepared, i.e. any changes were not observed in the profiles. Figure 2 shows the relationship between the degree of preferential orientation of (110) plane in the film prepared and the oxygen concentration in mixed N2/O2 gas used in the sputtering. The data for the film prepared in Ar/O2 atmosphere7) are also replotted in the figure. The orientations could be ob served obviously in the films prepared with the gas containing more than 1% of oxygen. It should be not ed that the degrees were higher for the films pre pared in N2/O2 atmosphere than those prepared in Ar/O2 atmosphere, even for the same oxygen concen tration range from 10 to 30%.
In addition, the linewidth of each peak in the X-ray diffraction profile was significantly different between the SnO2 film prepared in N2/O2 atmosphere and that in Ar/O2; the width of diffraction peaks in the former film was much broader than those in the lat ter film. There seems to be two major reasons for the above fact: (1) the crystalline size in the former film is smaller than that in the latter film. (2) the crystal lattice is highly distorted in the former film. At present, detailed analyzes of microstructure with a SEM apparatus are ongoing in order to clarify the ori gin of the broadening of diffraction peaks.
3.2 Gas sensing properties As described in Section 3.1, the film prepared in O 2 free atmosphere consisted of metallic tin and SnO. Then, the F(110) for this film is absolutely zero by definition. Further, the film showed no changes in the electrical rensstivity before and after subjection to air containing 50ppm H2 gas (i.e., no sensitivity). Except for the film prepared in O2 free at mosphere, the films containing SnO2 phase showed changes in the electrical resistivities before and after subjection to air containing 50ppm H2. Figure 3 shows the sensitivity of the films prepared in mixed N2/O2 atmosphere as a function of the degree of preferential orientation of the (110) plane. The data for the films prepared in An/O2 atmosphere7) are also replotted in the figure. It can be roughly recognized that the sensitivity is higher for the film having higher degree of the preferential orientation, F (110). Further, the tendency of the sensitivity in crease with increasing orientation seems to be in good agreement between the films prepared in N2/ O 2 atmosphere and those in An/O2. The oxygen con centration in the sputtering gas and properties of the resulted films are summarized in Table 2 .
Conclusion
The effect of the usage of mixed N2/O2 gas upon the crystal structure and the gas sensitivity of tin oxide films prepared by sputtering method were exa mined. The important results are summarized as fol lows:
(1) The film prepared in oxygen-free at mosphere consisted of mixture of metallic tin and SnO, while the incorporation of oxygen in the sput tering gas resulted in the enhanced formation of SnO2 single phase and the degree of preferential orientation of the (110) plane.
(2) The highly orientated films were obtained at relatively low oxygen concentration in the sputtering gas in comparison with the films prepared in mixed Ar/O2 atmosphere.
(3) The higher gas sensitivity was observed in the films having higher degree of the orientation of (110) plane, and the maximum sensitivity was in creased by about 1.5 times compared with the film prepared under Ar/O2 atmosphere.
